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A .ncUioit ol tkML-o(ii>K i>r tlctcrmiiUfig ihc ^cqucucL* ol nunuiincrs which is a lopolo^i- al equivalent ot the cpihvpr 
whirh (s, V i>inplrnirniarv (o .i parliculur piiralopc of ati antilxulv oT iiucrcsi. comprises the sieps *>! i ) svnlhcM/in« a phr 
rainy t^l cataincr prcparatmns. each of ihc calan>cr prcpa ratitxis ci>nsisiing t>t a pluraiity vit catatnors tn which ilic conipo- 

al one or more ttesignated pt^sitions in ciich catatncr is known, and the conipt^sition at the rcnKiinin.« pt>sitions is 
r antlonily ina<lc up trt>ni m cm hers ot n tlcfinctl set td monomers : and the plurality ol catamcr prcparalions comprises pre 
parations in which the cjmpo.sition al ihc designaicil positions is systematically varied to contain members troni a dellncil 
set i>r miinomers. 1) vontacting each o(" the plurality of calanier preparations with the antihiuty oT interest : ami 3) detecting 
or iletermining the presence t>r absence oC binding between each oT the plurality of catamer preparations and (he given 
anlibotlv to iiulica;c a partial sequence ot' the min>otopcs tor ihe paratope of the given an(ifv>dv 
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fi rTHOO FOR DETERIilNING MIMOTOPKS 

Thin invention relates to a method of 
^iotoctinq or cie tcrmin i nq a sequence of moncmor mo I 1 1> 
which corresponds to an epitope on an antiqen, or wiUch 
h,i-. thr? equivalent molecvjlar topoloqy to th<it cpitr>f»o. 

As iir.cd throuqhout this spec i f i c.i t i on , th*' 
t.erms lifted below have the followinq mecininqst- 

• ^I>itop»^: thf specific svjrface of an antiqcn molo«.nl(' 
h) which in delineated by the area of interartion w i » !^ 

an antibcuK' molecule. 



tamer: a f)olymcr iriol(!Cule which has a precir.cly 
defined r.e<iuence an(i which is formed bv the 

IS condennation of a precise number of small 

molecules. Note that this term includes moliM-ulen 
in which different types of condensation rear-tions 
are used to join the small molecul»?s. A nvimbi^r 
prefixed to the word 'ca tamer* indicates that the 
catamer is formed by the condensation of the 
indicated number of small Tnolecules, for example, 
8-catamer means that the catamer is made up from 
eight small molecules. Examples of catamers 
include any given peptide, and any t^iven 

25 oiiqo- saccharide. 
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monomori a membor of the oot of small moloculoo which 
can bo condensed togothor to form a cotamor, Tha 
3ot of monomors includoo but la no rostrictod to, 
for example, the sot of common L-amino acids, the 
5 sot of D-amino acidn, the set of synthetic amino 

acids, the sot ot nucieotidcH, nnd t)^u i^t^t of 
pfjntoaes and hexonon. 

peptide: a catamer in w^^lch thrs small molecules are 
IQ nlpha-amino acids which are join*! toq ether throuqh 

peptide bonds. In the context of this 
specification it should be appreciated that the 
aiTiip;.^ acicJs may ho. the l.-optical i:;omf2r or thr^ 
I) -optical isomor. 

miinotf^p*:: ca tamer whicli in at loant ono of its 

<:on r o rma t ion s has a Liuii'at.t- t(*i(Lt>it w i ^h * )\r 
oquivalent moLecular t.opolof]y to Micr c'pitop*' ci 
which it it; a mimic. 

?.0 

^'omp 1 <*m»Mi ta ry : refers to tiho matchinq t-.n*|n t: h* r r ot thr 
reacting surfaces of an antibo<ly pa-ratop*" and it:; 
f)arti(^ular epitop*!. Therir ruir facer* mvw. t matc:h 
(lurinq the bindinq of an antibot-ly paratope with i t: 13 
or^ f.qjitope. Thus, the paratope and its cpitopo can b«- 

(iescribed as complementary, and f u r t he rnu.:) r , tti»? 
ocjRtact 3urfac:e c h a r a c: t e r i s 1 1 cs are comf; 1 tjm» rn r. .w'v 
tc:> each other . 

3Q paratope; the combininq site of an antibody wriich i ;\ 
complementary to a particular epitope. 

It is a 1 r e a { 1 y well known t h a t : - 
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an antigen Is r. macromolecu lo such as a protein or 
polysaccharide which is usually, but not 
necessarily^ foreign to a human or animal and wUcn 
Introduced into the human or animal body, 
stimulates either a humoral or cellular immune 
response, or both; 

the specific region of the antigen to which 
antibodies bind is known as the epitope; 

there may be more than one epitope on an antigen 
mo 1 ecu } e ; 



^. rhe overall humoral response of the body t:o an 
16 antigen is to produce antibodies against the 

various epitopes of the antigen; each of the 
individual antibodies is a monoclonal antibody and 
by definition is produced from a group of cellr. 
which come from the multiplication and 
^0 differentiation of a single progenitoi n-cell; 

the paratope of .an antibody molecule is :le fined as 
the molecular s\irface of the antibody combining 
:>Lte which is the contact surface between epitope 
2^ and the antibody; 

h. there may be produced against a given epitope of 

the antigen more than one antibody which differ in 
their paratopes; each paratope can be 
3Q characterised by itz specif ir^t-y for tlie 

complementary epitope; and 

7. antibodies produced in response to a challenge by 
antigen can be further characteris^^d in that some 
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may neutralize directly by binding with the 
antigen; others may form aggregates which can be 
dealt with by the macrophage system; and yet 
others may fail to exhibit any measurable 
biological effects. 

It is a primary object of the present 
invention to detect or determine the one or more short 
sequences of monomers which equate with an epitope of an 
antigen, such that these sequences can combine with the 
same antibody as the epitope. These catamers would be 
the mimotopes of the epitope. This information is 
invaluable in the design of synthetic catamer vaccines 
aqainst diseases and for the desiqn of very specific 
diagnostic and therapeutic agents. 

The most usual group of small molecules which 
may be condensed together to form a catamer is the group 
of alpha-amino acids. However, other molecules which 
are consistent with the chemistry chosen may be used. 
For example, beta-amino acids may be used with adv^ntaq*^ 
to add an extra -C- bond spacer at precisely controlled 
positions in the catamer. 

According to the present invention there is 
provided a method of detecting or determining the 
sequence of monomers which is a topological equivalent 
of the epitope which is complementary to a particular 
paratope of an antibody of interest, the method 
comprising the steps of:-- 

1, synthesizing a plurality of catamer preparations; 
each of said catamer prepa r a c i or: 5 con.-.istinq of a 
plurality of catamers in which *rho composition at 
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one or more designated positions in each catamor is 
known, and the compopition at the remaining 
positions is randcr:ly made up from members of a 
defined set of monomers; and said plurality of 
catamer preparations comprising preparations in 
which the composition at the designated positions 
is systematically varied to contain members from a 
defined set of monomers; 

contacting eaf:h at said plurality of catamer 
preparations with the antibody of interest; and 

detecting or dtitermininq the presence or absence of 
binding between each of said plurality of catamer 
preparations and said given antibody to indicate a 
partial sequence of the mimotopes for the paratope 
of the said given antibody. 

Preferably, r.hf- mot:ho<i also comprises ^ho 
20 furthrr ;;tep5 of:- 

synthcGizinq a furthi.-r plurality of catamer 
p r<_»pa r a t i on as dt,r tur r i bci.i ahovo , each of said 
further plurality of catamer preparations having 
25 one or more additional positions in each catamer as 

a ties igna ted positif^m; and 

S. repeating steps 2 and 3 above in respect of -^.aid 
further plurality of catamor preparations. 

30 

The procedures of steps 4. and 5. may be 
repeated until all positions in each catamer preparation 
have born ciosignatcd; and all deduced mimotopcs rrtay 
then be synthesised to determine from their rolat. -vo 

35 
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ability to react with the antibody of interest which arc 
the better mimotopes for the epitope corresponding to 
this given antibody, 

5 The method of the present invention in based 

on the roalination rh.it n given antibody will 
specifically react with a catamer which is the mimotope 
of the epitope to which the antibody is directed. It 
further relies oTi the knowledge that modern techniqvies 

10 of inxmunology allow the detection of reactions between 
an antibody and its epitope when both are present in 
very small amounts. Binding has been detected when an 
antibody anci its epitope are present in amounts of about 
1 pmole. Ttius, if an antibody is presented with a 

15 mixture of catamers, amonqst which is a mimonop#^ to ltr> 
epitope then it will be s«.»en to react with the mixture, 
binding specLfically to the mimotope. The identity or 
mimotopes is deduced from the known monom*rr (7ompor, i t i on 
at the designated por;ir. ions of react inq catam<rr 

cO preparations. A complete mimotope wovild ho (.'xp<,M:tod to 
hf some comb inar ion nf hhe reacting onmnonf* n t r; <lM{hif:fM! 
in this way . 

Tt will he apparent, that the method of thir. 

2^ inventiv:)n rcquirrrs no previous information aboxjt the 

nature of the antiqen and in particular it reguiros no 
foreknowledge of the sequence of monomers w^l i ch make up 
the antigen. In fact, it is not necessary for the 
application of this invention to know the source or the 

30 identity of the antigen to which the antibody i •; 
directed. Furthermore, this invention makes no 
assumptions about the epitope which stimulator! the 
production of the particular anti^jody. Th i r,ethr;^f) wil I 
identify mimotope*s of d 1 noon t i nuous as w*? I 1 
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continuous epitopes. Because of the very nature of the 
method of the invention it will be appreciated that it 
applies any antigen, which in part or in total is 
non-proteinaceous , whose epitopes can be mimicked by a 
5 suitable catamer. Mimotopes may or may not' be made from 
moniboru o L' the uume act of monomers which make up the 
an t itjen . 

Preferably the method of the present invention 
10 is carried out by screening a plurality of synthesized 
catamer preparations against an antibody of interest. 
Ideally the antibody will be a monoclonal antibody which 
can be preprireci by any of the usual methods. Polyclonal 
iintir.erum from humans and animals may be used if a 
IS r.ource of monoclonal antibody is not available, however, 
analysin of the resulting tiata may be complicated 
because tho reactions observed could be from more than 
one monoclonal antibody. V/lien using polyclonal 
antiserum it may be necessary to reduce the antibody 
'JO diversity by vj:;Lnq techniques well known to those 

skilleti 1 t:he art, for example i so -electric focusing, 
[H'Lr-^ia :.»rd ch roma nog ra phy or affinity chromatography. 

Current indications sug<7est that an epitope 
25 can be mimickeci by a catamer which is about eight 

monomer:; in l*jnqth when the monomers come from the set 
of alpha -jmino acids. The ability of the 8 -catamer to 
be the mimotope of tlie epitope is not critically 
dependent on every position having a particular monomer. 
30 It in to be understood, however, that the present 

invention i l; not restricted to sequences formed from 
eight monomers. . 
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The plurality of catamer preparations required 
to be synthesized in the application of this invention 
may be prepared by any of the known methods of catamer 
synthesis. The preferred method when the monomers are 
amino acids is to use the solid phase technique 
described in Australian Patent Specification No. 
25429/84, whereby each mixture of catamcrn is 
synthesized on a polyethylene support. 

The following is a detailed description of one 
embodiment of the present invention: - 



A. 



Synthes is of a plurality of catamer prepa ra t i on n . 



^'■^ ^'^ noted above, the preferred m«.^thofJ of apply in<} 

this invention is to synthesize the catamer.s on a solid 
support. In this embodiment, the plurality of catamer;; 
will all have the general formula 

Y-X-X-D^-D^-X-X-X-X-fsolid support! , 
where 'X' represents a member of a net of monomers. 
Ideally, each catamer preparation should include 
c^tamers in which each of the 'x' po':;itioP3 in the 
catamer formula represents a memb»M ci the net of 
monomers such that each member of the i.^-t is present in 
the catamer preparation in approximately eouimolar 
amounts. Note that the samo sot of monomers need net bf> 
used at each 'X* position. in the qeneral formula 

is an end group of the catamer and may be, but is not 
restricted to, for example a hydrogen atom or an acetyl 
group. and represent designated positions 

occupied by monomers which arc known and <7onstant in 
each catamer preparation synthesized; i.ut which are 
altered systematically between catamer preparations. 
Note that the same set of monomers nnf^r] not he used at 
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each designated position. It should also be noted that 
when the catamors are synthesized from amino acids the 
catamers may be coupled to the solid support through 
thrir -COOH ends, or through their amine ends, 

5 

If i is the numl3cr of members in the set of 
monomers to be coupled in the position and j is the 
number of members in the set of monomers to be coupled 
in the 0^ position then a total of i.j different c^^tnmer 
10 preparations will be synthesized. 

In the present embodiment, the support rods are 
prepared so that the monomers can br coupled to them. 
The rods are then exposed to the reaction mixture 

IS containing each member of the set of monomers beinq 

considered. This will couple monomers at th*,» firr»t 'X* 
position. This procesG is repeated thrice to give the 
catamcr Z -X-X -X - X - [ so I id .support) where 'Z* i tho 
protective group appropriate to the sot of monomerr. 

20 beinq considered; examplcr^ of *Z* where the monomors 

are amino acids include the nOC and Fmoc qroups. Up to 
this stage in the performance of the method all rods 
have been treated in ^in identical manner. 



25 Por the coupling .it the position each rod will 

ho treated with a reaction mixture which contains only a 
single monomer such as a protected amino acid or the 
like. In the position each of the i monomers will be 

coupled to j rods. For the couplinq at the position 

3Q each rod is again treated with a reaction mixture 

containing only a single monomer such as a protected 
amino acid or the like. ZacU of the j reds vhich has a 
particular monomer in the position will hav*: a 

different monomer co\]pli'(i at the D position. In this 
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way every combination of the members of the set(s) of 
monomers will be found in the i.j rods. Coupling of 
monomers in the remaining 'X' positions is identical to 
the coupling in the 'X* positions closer to the solid 
5 siipport. 

After synthesis of the plurality of catamer 
prep<Tra t ions any side-chain protective groups are 
removed from the catamer preparations using the usual 
10 techniques and the rod-couplod catamers are washed. 

Tt has been found to be a preferred embodiment of 
the invention to synthesize more than one set of 
pluralities of catamer preparations to aid in the 
IS analysis of data. Thus, as well as synthesizing 
catamers with the general formula 

Y-X-X-D^-D-X-X-X-X-(soiid support 1 
as described above, additional sets of catamt:'rs may be 
prt!ptired with the qeneral formulae 
20 Y-X"X-D^-X-D^-X-X-X-(solid support 1 



2S 
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Y-X-D^-X-X-D^ -X-X-X- ( sol id support] . 



Mot:e that or.hor aent^ral formulae may be sc I or tod for the 
syntheses of other sets of catamer preparations. 

[\ . Testing of the catamer preparat ion s . 



The plurality of catamer preparations prepared as 
in A above are then contacted with the particular 
30 antibody of interest. The reaction between antibody and 
components of the catamer preparations can then be 
<ictcctcd by any of the usual methods, for example 
Rati ioinui^unojss^y (RIA). However, the preferred method 
of <ietectLon of the presence of a n t i body -m i mo tope 

J5 
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binding is to use the vsll-known cnz^Tne- linked 
iiranunosorbcnt assay (ELISA) . 

At the end of each assay antibodies can be removed 
5 from the catamer preparations by, for exainple, washing 
with a solution of 8M urea, 0.1% 2 -mercaptoethanol and 
0,1% sodium dodecy Isulphate followed by several waslies 
in phosphate buffered saline. In this way the plurality 
of catamer preparations may be used for testing with 
10 many other antibodies. 

C. Analysis of data . 



IS 



20 



25 



In th*? testing of the c*5tamer preparations with 
antibody it will be founci that certain rods will show 
detect^Tblrr binding with rh/* antibody. The catamer 
preparation coupled to r;ucn r*'at:nirHj i <jti conu *j i n :. .% 
defined combination of the memb«?rs of the :;ct(s) of 
monomers in positions and D^. Th i ts combination or 

monomer r. i :; likely to form p.^^t o! the catamer wtiich 
rn^^ke*; up A mrrvotoprr for th»' f^pitopo which IS 
complementary to the antibody. Furth^^r -inalyni:; o: t.U*-. 
rlata cm h** '"•,irri»*'l out in .i numb»'r <>: w.%y>, Ttws** 
i nc I ufle : - 

1 . *;oml>inin'7 .^nd permut.iting th*r'-i#! reacting 

n^onorr.*- r r. to cre.itfr ^ \ ir*t of cat.jm**rT vhicj; 
m*^y include one or m/^re mimotopcn for t h#r 
epitope; each ratam-fr m thin list could 
regarded a p>OHsible mimotope; 

?. r^kinq the most suitable « • a n<I i f Ja t #rn from tho 

not neceri'var i 1 y f h/- g j v i n*^? t h*^ hlgh.--.» 
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antibody binding activity) and further 
synthesizing sets of catamer preparations in 
which the known reacting combination of 
monomers is held constant and the monomers at 
other positions of the catamers are varied 
systematically; thus in the example above, a 
suitable set of such catamer preparations 
would include catamers with the formulae 
Y-X-D^-D^-Dj-X-X-X-X- (solid support) 

and 

Y-X-X-D^-D^-D^-X-X-X- [ solid support) , 
where .Dj^ and constitute the reacting 
combination of monomeis and D_. and D, are 
other designated positions whero each of the 
members of the set of monomers is 
systematically varied; and 

combining the results from more than one of 
the sets of plurality of catamer preparations 
and decoding to produce a single sequence of 
monomers, or possibly a very small number of 
such sequences which may mimic the epitope of 
interest; this is because, using rho 
embodiment given above, the reacting 
combinations of monomers when they are 
adjacent to each other, the reacting 
combinations of monomers when they are 
separated by one position and finally the 
reacting combinations of monomers which are 
separated by two positions, are all known; 
these data may be easily decoded to yield the 
sequence of the mi.r.ot ope; this approach will 
be of greatest benefit when the antibody used 
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D. Synthesis of selected mimotopes . 

The selected mimotopes can then be synthesized 
using similar methods to those described in Australian 

5 Patent Specification No. 25429/84, After the selected 

catamers have been synthesized they are reacted with the 
antibody of interest. It is then simple to select the 
catamer which binds most strongly with the antibody. As 
a final check that this catamer is the best mimotope of 

10 the epitope, the sequence of the catamer may be used as 
the parent sequence of a replacement net as described in 
Australian Patent Specification No. 25428/84. 

In Examples 1, 2 and 3 given below, the defined set 
15 of monomers is the set of the common L-alpha amino 
acids. This set of monomers is used for both the 
designated positions and the random positions (positions 
•Dj', *^2* used in the general formulae 

above) . Furthermore, in these examples, the end group 
20 of the catamers (the 'Y' group) was the acetyl moiety. 

EXAiMPLE 1 

A plurality of 8-catamer preparations was 

25 synthesized with the aenerai formula 

Acetyl-NH-X-X-D-,-D J - X -X -X-X- ( sol id support] 
where 'X* is a member of the set of 20 common L-alpha 
amino acids, such that each member of the set is present 
at the *X' position in the catamer preparations in 

10 approximately equi-molar amounts; both designated 
positions, and are members of the same set of 

monomers; and '-NH-* represents the terminal amine 
group of the catamer. The 8-catamer preparations were 
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synthesized on a solid polymer pin or rod as described 
in general in Australian Patent Specification No. 
25429/84, using the BOC group as protection for the 
L-alpha aruino acids during~synthccis . 

5 

Members of the set of common L-amino acids were 
coupled in the 'X* positions in the following way : - 

1, A mixture of amino acids was dissolved in 102ml of 
10 Dimethylformaraide (DMF) . The mixture consisted 

of:- 



BOC- 


•L-Alanine 


32 


mg 


BOC- 


-Methoxybenzy 1-L-Cysteine 


100 


mg 


BOC- 


-Benzy l-L-Aspartic acid 


90 


mg 


BOC- 


-Benzy 1-L-Glutamic acid 


96 


mg 


BOC- 


-L-Phcny la Ian ine 


61 


mg 


BOC- 


-L-G lyc ine 


27 


mg 


DOC- 


-Tosy 1-L-His t idine 


142 


mg 


bOC - 








BOC- 


-Carbobenzoxy-L-Lyslne 


124 


mg 


Bcx:- 


-I.-Leuc ine .HO 


55 


mg 


BOC 


-L-Me th ion ine 


54 


mg 


BOC 


-L-Asparagine 


47 


mg 


BOC 


-L-P ro 1 ine 


42 


mg 


BOC 


-L-G 1 u t am i ne 


53 


mg 


BOC 


-Tosy 1 -L-Arg i n ine . H^O 


167 


mg 


BOC 


-Benzyl-L-Serine 


76 


mq 


BOC 


-Benzy 1 -L-Threonine 


8 3 


mg 


BOC 


-L-Va line 


4 2 


mq 


BOC 


-L-Tryp tophan 


78 


mg 


BOC 


-Benzy 1-L- Tyro 5 ine 


116 


mq 



2. A solution of 13 10 mg of 1 -Ilyc: roxy ho r. z o t r i a zo 1 c 
(HOBT) was Tiadc in 34 ml of DMF. 

15 

3. A solution of 1150 mg of N , N * -D icyc lohexy 1 - 
carbcdiimide (DCC) wa:: made in 34 ml of DMK . 

4. Before use, the solution of KCBT was added to the 
2Q solution of amino acids and mixed. Then the 

solution of OCC w.i3 added and mixed. The catamcr 
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or linking molecule already on the solid support 
was then reacted with the resulting mixture* 

Individual L-amino acids were coupled in the and 
5 0^ positions by the method described in Australian 

Patent Specification No. 25429/84. This resulted in the 
synthesis ot 400 catamer preparations, comprising all 
possible pairings of the 20 common amino acids at the 
and positions. 

10 

The plurality of 8-catamer preparations were tested 
against a monoclonal antibody by ELISA. This monoclonal 
antibody was prepared against Koo t-and-Mou th Disease 
Viruii (FMDV) subtype A^^ using techniques well known to 
thor.o skilled In the art. In performing the ELISA assay 
supporr.-coupled peptides wore incubated in a precoat 
solution of ovalbunMn/l% bovine serum albumin/0. 1^ 

Twoen 20 in phosphate bnftored saline (PDS) for 1 hr nt 
25**C to block non-specific absorption of antibodies. 

20 Overnight incubation at: Liv a suitable dilution of. 

monoclonal antibody in precoat solution was followed by 
threo washes in 0.05% Tweon 20/Pns, Reaction for I hr 
at ?S*r witti qoat a n t i - movi s o I gC coniugated to 
horseratiLsh peroxidase, diluted in the precoat solution, 

25 was again followed by i!:<tensive washing with PB.S/Tween 
to remove excess conjugate. The presence of antibo(iy 
was detected by reaction tor 45 min with a freshly 
prepared enzyme substrate solution (40 mg of 
o-pheny lened iamine and 18ul of "120 vol.* hydrogen 

3Q peroxide in lOOml of phospha tc / c i t r a t e buffer, pH 5.0), 
and th»2 colour produced determined at 450nm. 

Figurt^ 1 shows the result of testing the 
B-ca tamer preparations with this antibody. In F'lgure 1, 
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each group of twenty lines represents the response in an 
ELISA in units of absorbancy of the colour developed 
when measured at 450nm. Each men\ber of the group * f 
twenty lines has a common amino acid in the 
5 position which is given in single-letter code 

immediately below each group. Each member of a group of 
twenty lines represents a different amino acid in the 
'D^' position - these are in alphabetical order of their 
single-letter code. The results are summarised in 
10 Table 1. (In Table 1, and throughout the remainder of 
the Examples, the single letter code for amino acids 
will be used,) 





/ 
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TABLE 1. Antibody binding activities of the 8-catamer 

preparations mixtures Ac-X-X-D^-D, -X-X-X-X-S . 



Peptide Mixture Extinction E 



Ac-X-X-M-H-X-X-X-X-S 

s 


0 


.6 24 


Ac-X-X-M-K-X-X-X-X-S 

s 


0 


.582 


AC-X-X-K-K-X-X-X-X-S 

s 


0 


.537 


Ac-X-X-K-H-X-X-X-X-S 

s 


0 


.510 


Ac-X-X-Q-H-X-X- X -X-Sg 


0 


.488 


Ac-X-X-H-H-X-X-X-X-S 

s 


0 


.486 


Ac-X-X-Q-N-X-X-X-X-S 

s 


0 


.460 


Ac-X-X-W-M-X-X-X-X-S 

s 


0 


.448 


Ac-X-X-K-N-X-X-X-X-S 

s 


0 


.431 


Ac-X-X-H-K-X-X-X-X-S 

s 


0 


,417 



Mean extinction of the lower 200 values was 0.202 
(Standard deviation 0.021). 
Ac means the acetyl moiety, 
S , means [solid support) . 



It will be seen that the antibody reacts strongly 
with a number of 8-catamer preparations. In order of 
strength of reaction, these include 8-catamer 
preparations in which the designated positions (-D-,-D^-) 
S are: -M-H-, -M-K-, -K-K-, -K-H-, -Q-H- and -H-H- , 



Two further pluralities of 8-catamer preparations 
were synthesized. These had the formulae 

Acetyl-NH-X-D^-M-K-X-X-X-X- [solid support] 

10 ^nd 

Acetyl -NH-X-X-M-K-D^-X-X-X- [ sol id support] 
where 'M* means a methionine residue, *K* means a lysine 
residue and *D-,' and 'D " arc the new designated 
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position for these series of syntheses; other terms in 
the formulae are as used previously. 

These 8-catamer preparations were tested against 

5 the monoclonal antibody against FMDV A^^* Figures 2A 
and 2n show the results of ELISA testing with the 
monoclonal antibody used to produce the results shown in 
Figure 1. Figure 2A represents 8-catamer preparations 
with the general formula 

10 Acetyl-NH-X-D^-M-K-X-X-X-X- [ solid support]. 

Figure 2B represents 8-catamer preparations with the 
general tormuia 

Acetyl-NH-X-X-M-K-D^-X-X-X- { solid support! . 
In both figures the amino acid in the '-D^-' or '-D^-* 

1^ position is given below each line which represents the 
absorbancy of the colour developed when measured at 
450nm. The results are summarised in Table 2. Antibody 
binding activities are shown relative to the 8-catamer 
preparations containing the dfined amino acid pair M-K 

20 for all the 8-catamer preparations giving a value 

greater than 1,1. Also shown is the value found f*^^r t-ho 
reverse pair K-M. — — — — ~ ~ 
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TABLE 2 Relative antibody binding activities of 
8-catamer preparations containing three 
defined amino acids. 



Amin o-termina 1 extension Carboxy 1- t e rmina 1 extension 
Sequence Activity Sequence Activity 



Ac-X-H-M-K-X-X-X-X-S 

3 


2 


• 54 


Ac 


-X-X-M 


-K 


-H 


-X- 


X 


-X 


-s 

3 


2 


.85 


Ac-X-W-M-K-X-X-X-X-S 

s 


2 


.50 


Ac 


-X-X-M 


-K 


-0 


-X- 


X 


-X 


-s 

s 


2 


, 20 


Ac-X-Q-M-K-X-X-X-X-S 


1 


.69 


Ac 


-X-X-M 


-K 


-w 


-X- 


X 


-X 


-s^ 


1 


. 97 


\^ »« V* W ^ (-» 

tx*^ rs. "i*! *\ ■ /V - -V • A ~" A ~ O 

3 


1 


. 27 


Ac 


-X-X-M 


-K 


-C 


-X- 


X 


-X 


• *-> 

s 




.41 


Ac-X-G-M-K-X-X-X-X-S 

3 


1 


. 1 4 


Ac 


-X-X-M 


-K 


-N 


-X- 


X 


-X 


-s 

3 


1 


.26 


Ac-X-C-M-K-X-X-X-X-S 

s 


1 


. 1 1 






















Control sequences M-K 




1 . 


00 


<^450 




0 . 


14) 












K-M 




0. 


97 


















Test background ^^^q 




0.08 























It will be seen that the 8-catamer 
preparations which gave the greatest reactions with the 
monoclonal antibody had the following sequences in the 
designated positions: -H-M-K-, -W-M-K-, and -Q-M-K- in 
S Figure 2A; and -M-K-^I-, -M-K-Q and -M-K-W- in Figure 
2D, 



10 



I ncc:) rpor a t xon of histidine at either side of 
the M-K defined pair resulted in the greatest antibody 
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binding activity. However histidine at the amino 
terminal side was not significantly better than 
tryptophan, and the defined sequence W-M-K-H was 
selected for further evaluation. 

The validity of proceeding with the defined 
sequence W-M-K-H, predicted to be optimal by combining 
the individual preferred extensions to the pair M-K , was 
tested. Catamer preparations based on the parent 
sequence of Ace ty 1-NH-X-W-M-K-H-X-X-X-S [solid support) 
were synthesized, in which at each of the four defined 
positions all 19 alternative amino acids were 
substituted, one at a time. Testing of this set of 
catamer preparations for binding activity with the test 
monoclonal antibody ( MAb ) showed Q-M-R-H to be the 
preferred sequence for extension (E^^^ obtained were; 
AC-X-W-M-K-H-X-X-X-S^ = 0.69, Ac-X -Q-M-K -H -X-X-X - S ^ = 
1.47, and Ac-X-W-M-R-H-X-X-X -S ^ = 1.11, test background 
was 0.2) . The preference for glutamine at the 
amino- te irmina 1 side of the defined sequence M-K-H rather 
than tiryptophan as had been determined for the pair M-K, 
demonstrates the inter-dependence of individually 
determined optima. 

B-Catamer preparations with the general 

f ormu 1 ao 

Ace ty 1 -NH-D^-Q-M-R-H-X-X-X- [solid support] and 
Ace ty 1-NH-X-Q-H-R-H-D^-X-X- [solid support] 
were synthesized- The preparations with the highest 
antibody-binding activity were those with 

= tryptophan and = serine, which suggests that 

V/'C-M-R~H -S is the optimum sequence. No significant 
improvement in antibody binding activity was achieved by 
defining further amino acids to either end of this 
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sequence. Assessment of the set of peptides comprising 
all the single amino acid substitutions of this 
sequence, synthesized as hexapeptides , confirmed that 
W-Q-M-R-H-S was close to the optimum hexapeptide. Some 
5 increase in antibody binding activity was shown when 
glycine replaced arginine in the peptide to give the 
sequence W-Q-M-G-H-S . 



In order to confirm the specificity of the 
10 antibody-binding reaction of the determined group of 

related peptides for the test MAb , the titre of the test 
MAb for a number of the peptides was compared with those 
of a MAb to Sperm whale myoglobin or hepatitis A (Table 
3). The specificity of the antibody-binding reaction is 
15 clearly for the test MAb , the antibody used to determine 
the sequence of those peptides. 
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TABLE 3 Specificity of Test MAb for W-Q-M-G-H-S 
related peptides. 



Titrc 



Peptide 






Test MAb 


anti- 
hepatitis A 


anti- 
myo9 lobin 


Ac-X-X-M-K-X 


-X 


-s 

s 


2,000 


< 


200 


< 200 


Ac-X-W-M-K-X 


-X 


-s 

s 


14 ,000 


< 


200 


1 ,600 


Ac-X-X-M-K-H 


-X 


-S 


17 ,000 


< 


200 


< 200 


Ac-X-W-M-K-H 


-X 


-s 

s 


36 ,000 


< 


200 


800 


Ac-W-Q-M-R-H 


-s 


-S 

s 


100 ,000 


< 


200 


< 200 


Ac-W-O-M-G-H 


-s 


-S 

s 


1 20 ,000 


< 


200 


< 200 



A 1 1 1, i LoU y L i L t : . T o l each MA b w . • t o J c t o r \X: I : , o b y 
KLISA and correspond to the reciprocal dilution of the 
ascites fluid qivinq an extinction of throo times the 
test background. Values were corrected for non-specific 



c, .absorption as detorminmi by reacting each ciilution of 
ascites fluid with unrelated peptide control :» 

( Ac-G-D-L-G-S- T -S and Ac -G-D- L-Q-V- S ). Monoclonal 

s s 

antibodies tested w.^-re: Test MAb, anti-F'MDV, type A^^ 
as described in the text (titre aqainst the whole virus 
[0 1.3x10^); a n t i - hepa t i t i s A, site of reaction unknown 
(titre against hef3.it it is A virus 10^); and 
an t i-myog lobi n (sperm whale) , site of reaction also 
unknown (titre against sperm whale mycgiobin 10 ) . 

j5 EXAMPLE 2 

Example 2 illuGtratos the applicatior, of the 
invention to a polyclonal antibody. 
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A further plurality of S-catamers was synthesized 
with the general formula 

Acetyl-NH-X-X-D^-D^-X-X-X-X- ( solid support] 
as described in Example 1. This was tested against an 

5 antibody which had been produced against the synthetic 
peptide C-G-n-T.-G-S-T-A-K . This peptide was prepared 
using the usual techniques of Merrifield solid-phase 
peptide synthesis. The peptide was coupled to Keyhole 
Limpet Haemocyanin through the sulfhydryl group of the 

10 cysteine moiety. The coupled peptide was formulated 
with Freund*s incomplete adjuvant and injected into a 
rabbit via the intramuscular route. Antiserum was 
obtained by bleeding the rabbit 40 days after injection. 



15 The results of F:lisA testing the plurality of 

8-catamer preparations with the antibody are given in 
figure 3 in the same manner as in Figure 1. It will be 
seen that all 8-catamer preparations which had E 
(glutamic acid) in the position reacted significantly 

^0 with antibody. Other combinations which reacted 
significant, ly with antibody include in decreasing 
order:- -O-I-, -G-D- , -I-G-, and -D-V-. 

As described in Example 1 above, further 
25 pluralities of 8-catamer preparations were synthesized 
with the formulae:- 

Acety L-MH-X-D-^-D-I-X-X-X-X- (solid support] 

and 

Acety i-NH-X-X-D-I-D^-X-X-X- (solid support] 
3Q where D is aspartic acid and I is isoleucine. Results 
of testing with the antibody are shown in Figure 4 in 
the same mannr^r as in Figure 2. Figure 4A represents 
8-catamer preparations with the general formula 

Acetyl-NIl-X-D -D-I-X-X-X-X- ( solid support] . 
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Figure 4B represents 8-catamor preparations with the 
general formula 

Acetyl-NH-X"X-D-I-D^-X-X-X-[solid support] . 

5 Figure 4 shows that 8-catamer preparations which 

react with antibody include the following sequences in 
the designated positions:- -A-D-I-, -P-D-I-, 

-D-I-D-, -D-I-M- and -D-I-T-. It can plainly be seen by 
comparing Figure 4A with Figure 4B that the position 

10 immediately before the -D-I- pair permits far less 

latitude in allowable amino acids than does the position 
immediately after the -D-I- pair, 

8-Catamer preparations based on the parent sequence 

l[j Acetyl-NH-X-X-G-D-I-D-X-X- ( solid support) 

were synthesized, in which at each of the four defined 
positions in the catamer preparation all 19 alternative 
amino acids were substituted, one at a time. Testing of 
this set of preparations for binding activity with the 

20 test antibody showed that to retain the ability to react 
with this antibody, the glycine residue could or\ly be 
replaced with alanine; the amino- te rmina 1 aspartic acid 
could not be replaced by any amino acid; the isolcucinc 
could be replaced with valine, leucine or threonine or 

25 with about ten other amino acids with a ireduction of 
binding activity; and the ca rboxy 1- termina I aspartic 
acid could be replaced by virtually any amino acid, 
serine in this position giving the strongest binding. 
The testing showed that the defined sequence G-D-l-S was 

30 the preferred one for extension. 

Extending the defined sequence above demonstrated 
the preference for incorporation of tryptophan at tht.* 
amino- termina .1 end ar^d histidine at the 
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carboxyl- terminal end. However, neither extension 
produced a very marked increase in the antibody-binding 
activity . 

5 Further extension of the preferred defined sequence 

W-G-D-I-5-II showed that there w^\s litMo advantage in 
extending the sequence further. 

It will be noted that the mimotope determined' for 
10 this particular antibody, namely, W-G-D-I-S-H has only a 
passing similarity to the peptide which was used to 
induce the antibody, namely, C-G-D-L-G-S-I -A-K , 
However, testing of the antibody in a replacement net 
based on the iminunoqen ic sequence G-D-L-G-S-T showed r\ 
IS marked preforence for the sequence G-D-L-G-D-I rather 

than the inducing sequence G-D-L-G-S-I (E^^.^ values 0.45 
and 0.16 respectively). There is a similarity between 
the mimotope as fletcrmined and a preferred binding 
peptide for the «jintibody. This is strong evidence for 
20 the broad applicability of the mettiod. 

CXJVMPLE 3 

Example 3 illustrates that the length of the 

plurality of catami?r preparations can be shorter than 
25 8-catamers. 

A plurality of 4-catamer preparations was 
synthesized with the general formula 

Acety l-NH-X-D^-D^ -X- (solid support) 
30 where the abbreviations are as used for Example 1. The 
method of synthesis was identical to that used for 
Example 1. This vas tested against a monoclonal 
antibody which h^id been raised against sperm whale 
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myoglobin using techniques well known to those skilled 
in the art. 

The results of ELISA testing the plurality of 
5 4-catamer preparations with the antibody are given in 

Figure 5 in the same manner as in Figure 1. It will be 
seen that only the catamer preparations with the formula 

Acetyl-NH-X-L"A-X- [ solid support] 
was able to react with the monoclonal antibody. 

10 

As described in Exeanple 1 above, further 
pluralities of 4-catamer preparations were synthesized 
with the formulae: 

Acety 1-NH-D^-L-A-X- (solid support] 

1 S ^nd 

Acety I-NH-X-L-A-D^^- [ solid support) 
Table 4 summarizes the most reactive catamer 
preparations when tested in an ELISA system with the 
monoclonal antibody. — 
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TABi.E 4 - Relative antibody binding activities of 
4-catajner preparations containing three 
defined amino acids. 

Amino-terininal extension Carboxy l-terminal extension 
Sequence Activity Sequence Activity 



AC-P-L-A-X-Sj 1.80 AC-X-L-A-Q-S5 1,73 

Ac-A-L-A-X-S^ 1.36 Ac-X-L-A-R-Sj 1.58 

Ac-F-L-A-X-Sj 1.33 Ac-X-L-A-S-Sj 1.39 

Control sequences Ac-X-L-A-X-S ^ 1.00 (E^^^ = 0.17) 

^ 4 5 0 

Ac-X-A-L-X-S J 0 .94 



Catamer preparations based on the parent sequence 
Acety 1-NH-P-L-A-Q- (solid support] 
were synthesized to form a replacement net as described 
in Example 2. Figure 6 shows the result of testing 

S these peptides in an ELISA with the monoclonal antibody. 
Each group of twenty lines in Figure 6 represents the 
response in percentage when compared to the mean of the*. 
parent response (E^^q ^ 2.62 with a background of 0.25). 
Each member of a group of twenty lines has had the amino 

10 acid indicated below substituted by another amino acid. 
The order of the lines is the alphabetical order of the 
single letter code of the amino acid. The thickened 
line in each group of twenty indicates the parent 
sequence P-L-A-Q. It can clearly be seen that for the 

15 catan>er preparation to be able to bind to this 

monoclonal antibody with at least half the activity of 
the parent sequence the proline may be replaced with the 
valine, isoleucine, leucine, alanine or serine; the 
leucine can be replaced by phenylalanine only; the 
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alanine is freely replaceable by virtually any other 
amino acid; and the glutamine residue can only be 
replaced by asparagine, 

A set of all overlapping 4-catamers of the sperm 
whale myoglobin sequence was synthesized using the 
methods described for the designated positions in 
Example 1. These catamers were reacted in an ELISA with 
the monoclonal antibody. The iresxilts are shown in 
Figure 7. Each line represents the colour developed in 
an ELISA, read at 450mn. Each line is numbered so that 
the residue at the amino terminal end of the particular 
catamer has the same number as in the sperm whale 
myoglobin sequence , 

It can clearly be seen that the only 4-catamer 
which reacts with the monoclonal antibody is that 
comprising residues 88 to 91 of the sperm whale 
sequence. This sequence is P-L-A-0. Clearly, the 
monoclonal antibody recognizes this particular 
determinant on the . ^jrm vhalc myoglobin. 

A set of 5-catamers with the general formulae 
Acetyl-NH-D^- P-L-A-0- ( sol id suppor t ) 

and 

Acety 1-NH-P-L-A-O-D^- [ sol id support! 
were synthesized to determine the best extensions to the 
defined sequence. The best binding preparations were 

Acetyl"NH-K-P-L-A-Q- [solid support) 
and Acety 1-NEI-P-L-A-Q-Y- ( solid srpport) , 

It should be noted that the sequence K-P-L-A-Q is 
homologous with the sequence of sperm whale myoglobin at 
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residues 87 to 91 ♦ Again, this example illustrates the 
applicability of this technique. 
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CLAIMS: 

1. A method of detecting or determining the 

sequence of monomers which is a topological equivalent 
of the epitope which is complementary to a particular 
paratope of an antibody of interest, the method 
comprising the steps of:- 

1. synthesizing a plurality of catamer 
preparations; each of said catamer 
preparations consisting of a plurality of 
catamers in which the composition at one or 
more designated positions in each catamer is 
known, and the composition at the remaining 
positions is randomly made up from members of 

u defined set of monomers; and said plurality 
of catamer preparations comprising 
preparations in which the composition a" the 
tiesignated positions is systematically varicci 
to contain members from a defined set of 
monome r s ; 

2. contact Lnq each of -^aid plurality of catarr^or 
preparations with the antibody of interest; 

a nd 

3. detecting or determining the presence or 
absence of binding between each of said 
plurality of catamer preparations and said 
given antibody to indicate a partial sequence 
of the mimotopes for the paratope of the said 
given antibody. 
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2. A method according to claim 1, further 
comprising the additional steps of: 

' 4, synthesizing a further plurality of catamer 
preparations as defined in claim 1 , each of 
said further plurality of catamer preparations 
having one or more additional positions in 
each catamer as a designated position; and 

5. repeating steps 2 and 3 as defined in claim 1 
in respect of said further plurality of 
catamer preparations. 

3. A method according to claim 1, wherein each of 
said plurality of catamer preparations is made up from 
the set of alpha-amino acids. 

4. A method according to claim 3, wherein each of 
said plurality of catamer prepa ra t ion?= consists of a 
plurality of 4- to 8- catamers. 

5. A method according to claim 1, wherein o.ich of 
said plurality of catamers is synthesized on a solid 
support, and has the general formula: 

Y-X-X-D^-D^ -X-X-X-X- [ solid support) , 
Y-X-X-D^-X-D^ -X-X-X- [ solid support] 
or Y-X-D^-X-X-D^ -X-X-X- [ solid support] . 

6. A method according to claim 5, wherein each of 
said plurality of catamers has the general formula: 

Acetyl-NH-X-X-D^-D^-X-X-X-X- [solid support] 
wherein X is a member of the set of L-alpha amino acids, 
and such plurality of catamers is such that each member 
of the set is present at the X position in 
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approximately equi-molar amounts and and are 
designated members of the set of L-alpha amino acids. 
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